STATEMENT OF WORK

RESEARCH AND DEVELOPMENT IN EO AND IR FOR
ADVANCED RECONNAISSANCE (ISR) AND ELECTRONIC
WARFARE (EW) PROTOTYPES FOR NAVY/MARINE CORPS
TACTICAL AIRCRAFT

1. INTRODUCTION/BACKGROUND

The Optical Sciences Division of the Naval Research L
advanced technology development activities in support of N
Department components. The programs are aimed at provi
aircraft, surface and subsurface platforms, defense inst

ry carries out a broad range of
rces as well as other Defense
nd advanced capabilities for

systems, (b) identification of requirements for deve i , including

development of technical specifications to accommo , (c) technical

insertion of new technologies into cur a stems in order
to provide solutions to advanced threat'§ys [ evaluation of promising technology,

including development of one-of-a-kind mea : n processes, (e) development of

new technologies into ) imarily for Navy/Marine
Corps acquisition pr

d facilities to support the Optical Sciences
ystems engineering, technical engineering,

engineering e tigation will be broad, but will emphasize the
development of d embedded software to facilitate the operation and optimum
exploitation of visib fIC, and infrared (VIS/EO/IR) sensors and systems. While the
emphasis is on VIS/EO gies, alternative approaches using technologies such as acoustics

could be achieved using oth an VIS/EO/IR. Also, the use of optical technology in areas such as
materials development, information processing, bio-engineering, and communications may also be
investigated.

The principal objective of the program is optimal system performance. However, size, weight,
cost, and system efficiency are important, often critical, factors and the programs may emphasize new
technologies to improve these characteristics.

The Government anticipates that the work to be performed under this contract will be
performed at the contractor’s site, the Naval Research Laboratory (NRL), Naval Air Systems
Command facilities at Naval Air Station (NAS) Patuxent River, MD, Naval Surface Warfare Center
Dahlgren, VA, NAS Point Mugu, CA and NAS China Lake, CA, as well as other government sites in
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pursuit of NRL objectives. Testing of components and prototypes may occur at Government bases and
test ranges such as these and special facilities such as the White Sands Missile Range, Aberdeen
Proving Grounds, Marine Corps Air Station Yuma, and Naval Surface Warfare Center Crane.
Deliverables required under this contract shall include monthly cost and progress reports; a final
technical report; both computer and non-computer based algorithms, source code, executable code and
documentation; design drawings, hardware, design documentation, plans and manuals and task specific
technical reports in accordance with attached DD Form 1423s.

3. TASKS

3.1 EVALUATION OF CURRENT VIS/EO/IR TECHNO S IN EW AND ISR SYSTEMS
SUBTASK 3.1.1 — ANALYSIS OF CURRENT EO/ NENT LIMITATIONS
The continuing development of VIS/EO/IR tec s related technologies such as

velopers new opportunities

it various EW and ISR
systems under development or deployed. The s EO/IR technology
could be in performance, size, weight or required i
system, or could be by providing new functions. Un identify those

SUBTASK 3.1.2 —
Subtask 3.1.
The contracto vement could’be made using new VIS/EO/IR

ese technologies in existing or developmental

armance features, weight savings, improved

system performan
the new technology.
shall develop a risk asset

as the risk to the program development schedule of introducing

ing alternatives and prepare a set of lower risk technical options.
These options shall identif pact on the system performance, reliability, cost, and schedule. The
Contractor shall develop a set 0f metrics and milestones for the program options that would guide the
decisions for selecting a lower risk alternative. Efforts associated with this task shall include a
modeling and simulation capability suitable for both EW and ISR systems. The contractor shall
develop plans and recommendations on how such a modeling and simulation capability could best be
utilized to reduce design risks and to optimize the number and types of field tests required.

SUBTASK 3.1.3 - ALTERNATIVE TECHNOLOGIES
Subtask 3.1.3.1 Impact of Alternative Technologies



The contractor shall examine the possibility of using alternative technologies such as acoustic
or radio frequency or other technology devices in lieu of VIS/EO/IR components or systems. The
contractor shall assess their impact on the performance objectives, size, weight and power. The
contractor shall assess their impact on the concept of operations and shall assess the reliability and
maintainability of the alternative. The contractor shall emphasize use of the systems on aircraft
platforms, both rotary and fixed wing. The fixed wing platforms should be the modern tactical aircraft
such as the F-18 and special aircraft such as the EA-6B and the EA-18G.

Subtask 3.1.3.2 System Simulations in the Evaluation of VIS/EO/IR and Alternative
Technologies

The contractor shall identify and exercise existing simulati
alternatives. The contractor shall explore planned concepts of
platforms. The contractor shall summarize the results of the
direct comparisons of the as well as scenarios that are no
existing data are inadequate to compile a comprehensi

to analyze the system

ns for the intended system
lations in a manner that allows for
0 direct analysis or where

e system options. The

een validated by a
assessment techniques.

e alternatlve systems. The

Il assemble the results in a format
suitable for comparing the various technolog
option shall be discussed. The contractor S vide a ion for which alternative system
should be pursued A sep : idate application within the

8 aracteristics such as size, weight, power, bandwidth,
resolution, ra S an ti ween failure, and cost. The contractor shall evaluate
whether VIS/EC ades are available that could be introduced to improve system
characteristics. Th 1 also examine tradeoffs that could be made that would yield major
improvements in some teristics with only minor sacrifice in others.

Subtask 3.2.1.2 O/IR System Needs

The contractor shall 0it various threat systems so that their functionality can be understood.
This understanding will be applied to the development of software/hardware models. The hardware
and/or software models will ultimately be utilized to identify needed countermeasure systems and to
verify countermeasure techniques. This activity includes laboratory electro-optical measurements
and/or field measurements at contractor or government facilities. The activity includes the use and test
set-up of electro-optic instrumentation such as lasers, AO modulators, optics, radiometers, etc. as well
as digital and analog electronics. The contractor shall develop the data acquisition hardware and
software required for the testing.

The contractor shall review situational awareness and hostile ground fire detection and
classification needs/improvements. The capability to perform these functions shall be assessed for

3



current as well as planned systems, and any deficiencies or weaknesses identified. The possibility of
addressing these deficiencies or weaknesses with VIS/EO/IR systems shall be identified together with
a description and the system requirements.

The IR countermeasure optimization program relies heavily on modeling and simulation. The
contractor shall perform laboratory measurements of countermeasure effects to existing threat systems
and compare those results to model predictions. Model agreement and/or model deficiencies and
identified improvements shall be corrected as needed.

The contractor shall support the exploitation of foreign tactical threats to naval aviation and
foreign EO/IR/UV sensor systems that may become available. The contractor shall assess the impact
of the exploitation results on the design and testing of current and lopmental systems.

SUBTASK 3.2.2 - EVALUATE NEW SYSTEM CO
CAPABILITIES
The contractor shall review current developme ponent technologies and shall
assess the system impact of introducing new or alte e contractor shall conduct
laboratory evaluations of new VIS/EO/IR techno ity. The contractor shall
identify any improvements or variants in the tec racteristics through
laboratory testing. In addition to the performance
the schedule for introducing the new technology.
Based on the results of the testifgha
sets, of plans for developing engineeri
shall identify any deficiencies in the mea eNnts a
technologies and shall perform measureme A orrecting these deficiencies.
The contractor shall perfocmgtiag 3 3 as di
The contractor 3 : s S orithms for situational

NTS AND THEIR

actor shall then develop a set, or
new technologies. The contractor

3 e purpose of these displays shall be to facilitate target detection
and identification and to P ple means of extracting small data segments for rapid
transmission. The underlying ciples of the algorithms shall be fully described in technical reports
submitted upon completion of each task.The contractor shall optimize the displayed data for ease of
use and clarity of presentation to the analyst. The algorithms shall be to facilitate target detection,
identification and tracking and shall be aimed at real time output of lower bandwidth information. The
underlying principles of the algorithms shall be fully described in technical reports submitted upon
completion of each task. The contractor shall utilize techniques such as single frame matched filtering,
frame differencing, and temporal averaging under current Windows and Linux operating systems.

The contractor shall assess what software modifications may be necessary to augment fielded
systems to achieve enhanced situational awareness and a hostile ground fire detection and
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classification capability. The contractor shall identify and incorporate any software improvements into
the IR countermeasure optimization program.

SUBTASK 3.2.4 - PROVIDE RECOMMENDATIONS AND DOCUMENTATION

The contractor shall identify system improvements or new capabilities that can be introduced
and quantify both the benefits and drawbacks to their introduction. The contractor shall use or modify
the metric from 3.1.2.2 for weighting the system characteristics with the degree of improvement (or
degradation) to provide a measure of the value of the technologies. At the direction of the COR, the
contractor shall develop program plans for the introduction of those technologies having the greatest
benefit to the systems under consideration. The contractor shall s the applicability of the
improvements and capabilities to ISR systems and programs su HARP, Angel Fire, and WAPSS
as well as EW systems and programs such as AAR-47, DIR DIRCM, and DoN LAIRCM.

3.3 PROTOTYPE VIS/ VIS/IEO/IR SYSTEM DES

SUBTASK 3.3.1 - DEVELOP PROTOTYP. TS, SENSORS, AND
SYSTEMS
At the direction of the COR, the contractor d cost projections
for developing selected components and systems that ment as
indicated by the metric defined in Sub he contractor shalfrdentify specific
measurements or analyses that must be'col isk to successful development of these
components. At the direction of the COF s : te selected tasks or analyses.
Pending further review by the COR, the coqtsactor onents and sensors and
demonstrate their functionai
The contractor e\ : : igence Agency threat
documents relevant ta'ima alysis ientific/engineering evaluation
based on understanding ionali of surrogate/model development/improvements.
i i 5s and hostile ground fire detection approaches
and develop@ and/or systems to perform these functions.

componen ractor shall integrate both hardware and software into the
target system stem capability. The contractor shall modify or develop
and then demonst form the data analysis of the output from the improved system.
Software shall be de i and utilize Windows application development tools such as

Borland C++, Borland i, af icrosoft Visual C++. Real time software for aerospace
applications shall be develope der the VxWorks operating system environment.

The contractor shall port the design, development and analysis of embedded hardware and
software systems including radar, EO/IR threat warning, and reconnaissance systems. The contractor
shall perform design of needed digital systems utilizing VHDL, FPGA, ASIC, VLSI, VME, PCl, and
Ethernet.

The contractor shall develop real time software and real time tracker hardware for imaging
seeker surrogate development. The contractor shall develop scene injection software and hardware.
The contractor shall perform field and laboratory measurements as needed. The contractor shall
become proficient in the use of digital models using the ISAMS/DISAMS architecture and shall
develop advanced algorithms for functions such as target acquisition and tracking.
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The contractor shall develop prototype software necessary to achieve an enhanced situational
awareness and hostile ground fire detection and classification capability.

SUBTASK 3.3.3-DOCUMENT HARDWARE AND SOFTWARE
The contractor shall develop documentation to describe the hardware and shall develop the
source code for the software into a standard commercial format. The hardware documentation shall
include drawings that specify critical design features and shall specify any unique processes required in
the assembly and operation of the new components. The documentation shall include any test data
acquired during the development and testing stages

SUBTASK 3.3.4 - DEVELOP AND DOCUMENT CON
The contractor shall analyze the operational scenario
be made to the operational use of the prototype system. T,

OR THE PROTYPE SYSTEM
entify any modifications that should
shall include details of the new

budgets, shall identify special facilities a : i tify test range requirements if
needed, provide coordination with other Gowve [ ntify any unique licensing
requirements needed to supg [ i ici

iof ; a for any training needed or
special permits that i g schedule of tasks that must be

3 |thout delays due to omission of any

e plan shall provide for the testing of any and
ted to be improved or have been changed,

requirements needed to alle
aII characte IS

d align the instruments, provide for shipment to the appropriate

C instruments, and support the field tests. The contractor will test
and verify the communica data networking capabilities, GPS and IRIG time-tagging functions
and remote control functionSi@Fdata acquisition computers prior to shipment to test sites. The
measurements shall include spatial, spectral, and temporal data. The contractor shall be responsible for
the on-site maintenance of the instrumentation used for the measurements, and for data security and
transmittal. The contractor shall conduct measurements as needed at the Yuma Test Range, White
Sands Missile Range (WSMR), Tonopah Test Range (TTR), Naval Air Warfare Center-Weapons
Division (NAWC/WD/CL) China Lake, Patuxent Naval Air Station, Naval Research Laboratory
(NRL), and at other domestic and foreign sites.

SUBTASK 3.4.3- LABORATORY AND FIELD TESTING OF PROTOTYPES



The contractor shall execute the test program according to the test plan at the direction of the
COR. The contractor shall document all procedures and maintain the data acquired in standard
formats. The contractor shall provide quick look reports at appropriate times and shall provide
analyses that describe the observed system characteristics. The contractor shall provide for installation
of the system into the test platform, shall populate the test site with the necessary instrumentation and
test fixtures, and shall execute the tests. The contractor shall keep the COR or his designated test
monitor apprised of the progress on a daily basis. The contractor shall prepare a comprehensive report
of the test program including all the test data and an analysis of the results.

SUBTASK 3.4.4 - EVALUATION
The contractor shall support the evaluation of prototype
results. The contractor shall perform comparative analyses
and other developmental systems. The contractor shall pr,
that present the test results in a clear but concise mann
summary and shall provide recommendations for a ive utilization of the
prototype hardware.

s through the analysis of all test
rototypes with respect the existing
iled and comprehensive reports

3.5 PROTOTYPE VIS/EO/IR SYSTEM TRA QUISITION
PROCESS

SUBTASK 3.5.1 - PROVIDE DO ) ORTING THE NAVAL
ACQUISITION PROCESS

SUBTASK 3.6. ER (AT) TECHNOLOGY AND PROGRAM PROTECTION
ASSESSMENT
The Contractor s and delineate NRL Advanced Technologies and developmental

systems having Critical Tec ogy (CT); Critical Program Information (CPI); and Program Protection
Planning requirements. The Contractor shall identify AT technology suitable for use in NRL advanced
development component technology and should assess the maturity of the AT technology use in the
protection of NRL developed system and sub-system components. The Contractor shall assist in
developing a security classification guide; assist in the development of an AT Plan, including the
review of the final AT Plan; assist in the development of an AT Verification Plan and the review of the
final AT Verification Plan; and conduct AT Verification reviews of the AT system. CTs are a subset
of the systems’ Critical Program Information (CPI), which are evaluated for AT protection
requirements. Provide technical support for AT planning meetings and reviews to include technical
support for Verification and Validation (V&V) testing to verify proper initialization following boot,
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proper function of transformation, proper response to input stimulus. Coordinate with the AT
Executive agent, SAF/AQL in development of test drivers to provide representative input stimulus, and
adapted test instrumentation for collection and analysis of processor output. Provide technical review
to the National Security Agency (NSA), Information Assurance (IA) Directorate (VAO/17) to secure

NSA certification of system design and IA techniques.
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